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Reference System 7 iv PREFACE The Satellite Power System (SPS)is an emerging concept for capturing solar energy in space for use in producing electrical energy on earth. To develop an understanding of the technical and economic feasibility and of the environmental and societal acceptability of the SPS is an enormous challenge. The Department of Energy and the National Aeronautics and Space Administration are engaged in a three-year assessment of the SPS that began in the fall of 1977 and will be completed in the summer of 1980.
The DOE/NASA assessment is engaging the efforts of many organizations in the United States and is developing a large body of information. At approximately the mid-point of the assessment, this preliminary project assessment report describes what has been done and what has been learned with an emphasis on the overriding issues. The document is a preliminary report.
INTRODUCTION
The purpose of this report is to provide a preliminary assessment of the SPS on the The Satellite Power System (SPS) is a basis of what has been learned at the midconcept that transforms solar energy inpoint of the CDEP. tercepted in space into electrical energy useable on earth. The current SPSconcept includes a number of large satellites in BACKGROUND geostationary orbit. Each satellite would be equipped with a solar cell subsystem to
The following dates mark major mileconvert solar energy to electrical energy, stones in the evolution of the SPS cona subsystem for generating microwave cept: frequency energy, and an antenna to beam microwave energy to earth. Systems Definition is aimed at defining Comparative Assessment compares SPS the Reference System for which the aswith future energy alternatives--includsessment is being made. In addition, the ing coal, nuclear, and terrestrial solar impact of emerging technologies on the energy systems--on the basis of cost, SPS concept is assessed, and the required performance, and environmental and socicritical experimental supporting investietal impacts. gations are conducted.
Planning and Analysis provides for Environmental Assessment includes efprogramming, monitoring, and evaluating fects of (l) microwaves on health and the CDEP activity. ecology_ (2) other (nonmicrowave) impacts on health and ecology, (3)launch vehicle Key government agencies_ universities effluents on the atmosphere, (4)ionoand industries supporting the CDEP inspheric disruptions on telecommunicaclude: tions, and (5) Exposure of humans to SPSmicrowaves at Effects on Other Radio Frequency Syshigher power densities approaching existtems ing and projected standards, should they occur, will be infrequent and will involve Because of the power density of the SPS small numbers of individuals, microwave power beam and the nonnegligible power in the side lobes, the The major uncertainty regarding human potential exists for impacting other users health involves the potential long-term or of the radio frequency spectrum, either late effects of continuous exposure of through ionospheric disruptions caused by microwave heating or by direct coupling volving redesign of antennae and circuits, with SPS microwave energy in the main and the use of shielding. The greatest beam and in the side lobes, uncertainty appears to be in the area of radio-frequency emissions from the With regard to ionospheric heating, exrectenna and associated structures. periments using the Arecibo, Puerto Rico, Experimental study of these questions is and the Platteville, Colorado, facilities required. concern only the D-and E-layers. Both facilities require upgrading to conduct the The potential impact of SPS on other necessary F-layer experiments, users of the radio frequency spectrum will be discussed this fall at a meeting of the The Arecibo facility is instrumented to international body that governs worldwide study the basic physics of ionospheric use of the radio frequency spectrum. The heating. The facility is being modified to fall meeting of the International Teleprovide the required heat pulses, and excommunications Union is designated as periments using this new capability are the General World Administrative Radio being conducted.
Conference.
Direct testing of the impacts of ionoPotential impacts on radio and optical spheric heating on telecommunication astronomy have been identified. It will be systems is underway at the Platteville necessary to design SPSto operate within facility.
Preliminary experiments,, that radio-frequency regulations designed to heat the D-and E-layers for long periods protect the radioastronomy service and to to ensure steady state ionospheric temreduce the reflectance of the satellite peratures, show that telecommunication structure to levels that will mi6imize the impacts are minimal for power densities impact on optical astronomy. of 23mW/cm 2, the presently prescribed upper limit for the SPSpower beam. The Integration economics of the SPS are enhanced by increasing the beam power density. Un-A preliminary environmental assessment fortunately, the Platteville facility canwas published in October 1978. An upnot operate at higher power to establish dated assessment is now in review. an allowable upper limit for the SPSbeam power.
SOCIETAL ASSESSMENT With regard to the direct coupling of SPS microwave energy with other electromagResources netic systems, models have been developed to predict the spatial and frequency
The materials _equirements have been asdistribution patterns of candidate antensessed considering availability (differenna-rectenna cancepts. An assessment has flaring between foreign and domestic been made of the effects of atmospheric sources), cost, energy requirements for propagation on these patterns. Potential production, and manufacturing capacity. degradation of the performance of other
The following materials will require spesatellites has been analyzed and appears cial efforts to insure supply: gallium, galto be no problem for adjacent satellites in lium arsenide, sapphire, and graphite (for geostationary orbit.
Problems with the graphite fiber composites). operation of sensors on satellites in lower orbits have been identified along with
Regardless of how the system is defined, mitigation techniques that appear acceptthe net energy ratio is positive. IResults
International Issues
The costs of the SPS and the alternative technologies estimated for the years There are no obvious impediments to SPS 2000-2030 are subject to serious uncerin space law or custom. However, the tainties. Within these uncertainties, the claims of some equatorial nations to lowest cost alternatives and the SPScosts space over their boundaries will require overlap slightly. In the light of previous attention, experience with cost estimates of new technologies, the costs should be regarded The SPS has military implications, both as gaols rather than forecasts. real and perceived. Its potential as a nonmilitary, nonthreatening system must Each energy alternative has distinct be fully realized to win international achealth and safety impacts. The probability ceptance, of serious impacts from each is low. Each alternative has a high probability of causSocial Impacts ing small impacts which may be difficult to quantify, and therefore it is difficult to Trends in our society toward decentracompare effects between alternatives. lized institutions (including power stations) and towards regionalization must be The total land use requirements for each and are being included in the assessment of the technologies are difficult to assess. of the SPS.
Comparisons will include land required for mining, transportation, transmission carThe general public, particularly younger ridors, and waste disposal. Supporting people, must be and are being involved in documentation is scant. the SPSassessment. 
